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Abstract of JP 9102562 (A) 
PROBLEM TO BE SOLVED: To provide a high- 
heat-conductivHy substrate which has an excellent 
heat conductivity and thermally expanding 
characteristic and can be reduced in manufacturing 
cost, and the surface of which can be finished to a 
specular surface and a method for manufacturing 
the substrate. SOLUTION: A diamond film is vapor- 
phase synthesized to the lower surface (second 
surface) of a carbon substrate 2 which is composed 
mainly of a hard carbon material 4 and in which 
diamond grains 5 and graphite grains 6 are 
scattered. The upper surface (first surface) of the 
substrate 4 is finished to a specular surface. 




Data supplied from the esp@cenet database — Worldwide 



http://v3.espacenet.com/public^^ 997041 5&... 2009/06/1 7 



(19)H*ia^W (JP) (12) ^ gg jf$ f^: ^ $g (A) 



*f#IPP9- 102562 

(43)&§SB ^9^(1997)4^158 



(51)IntCL e 
H0 1L 23/14 
C04B 35/52 
C3 0B 25/00 
29/04 

H0 1L 23/373 



warn jfftwsm** 



MIL 23/14 D 
C3 0B 25/00 

29/04 B 
C0 4B 35/52 Q 
HO 1 L 23/36 M 

$&m$. *1T* tlfUtBfiDS&I QL (£: 9 H) 



<2i)ia»»^ 


^HS 3 ??- 260396 


(71)W«A 


000001199 










<22)tf«B 


spfiE? *F(1995)10/| «S 




=R«!R?if«^T»if« ; *fia»SW 1 TB 3#18# 






<72)sg§a# 










^*«#F*4«*KttS^ ITS 3*18^ 














(72)«98# 










^»iRWF*15IS!«»# 1 TB 5 # 5 ^ 
















«»* eat 






















(74>m\ 













(54) Btma&mi im&i$mtmsaPEr<o9mm 



(57) 

(121) t^t*VK«*^«^„ tL 




1 

fcfg 1 flBXtKl ©fS 1 8q^R^«©lg 2 ffi£W"T 5 IS 1 

zfrtzM 2Mb § ^ t z^m t -tzntmm 
mmmm*. . 

Iff** 4] OTW-fire^Kttsfett* MfBS&ig© 

is i law i <o 2 Bm-eM3sm< #s zt^mmt 

5: fcjfes" CM m-efcS £ * ^&f»jfc* 3X114 

[»*«6j «rfa^2gf4, irt&^>N->?*Gfc* 20 
ffiMaaR: J: 5 *Xtf $ *vC 5 r t 

ti^te** i 6 ©wma» i «f3&ft®nfte* 

. [ft** 8] Wf2^2Sf± N «HEJBlJl©»2iifR:^ 
^^^Kft^^tU r*i*4*fcL"C»fl*ft$* 30 
fc: t> ©-efc 3 £ i-5M3Wl l i£fE«?>iS!&£ 

9 ] B&fB^ -v^x f.*»5le©3P*SttSa* o . 

1 5 * mt»&5 i £ &"#&£-f SIS** 8 fcffifc© 

its** i o ] 1 stzm-t 2 5«<z>&jitt 

ti^s r t £#fri T 31f**9 ^!E«t©«i*£#ffii 

*TiS02Ji©l¥$J4. £k5j« 40 

mJ^ii-efe^r £ 1 75M 1 0 ©Wf 

n*» l *l-I2«©iS#S£afttS*£o 
[»** 1 2 ] itulafg 2 ^fi. 9Bfefttt6£jftfc iot 

$ jvfc eictt©^ Kin?* s r t zmck 
-r sit** i ^jm<D&%&m&mL 

Z. £ £4# ft £-*-£»** 1M12 ©wf ft** 1 *5wia 
lift** 1 4 ] tMEJP 2 Jf S-f*. * p Y—\fVif 



#M¥9- 1 0 2 5 6 2 

2 

its** is] M^is mm&v/x&m%i%t*. 

£.£.*)mimRvm2m*fti-5mi m*&u-tz> xg 
a < < itjtrge^ i s©m i iB*«tffi«f«i- 
s xst , mmm n©i2 ^ y vfrhti 5 

Hjit-caaai-a r t \z x *) m 1 Bau« 2 bi**^* 
m 1 »*#»^±sar v 1 mmzmtwr 

S©H 1 Bi*iEffiW«-r5XS Sr^-TSr i >^#mi 

r©Bis^2ffi{^-r-ir^-^K^e>jfc5^2M 
SfiMB^jaw-s xst » 1 a©jg 1 mzmmmm 

[|f*3S 18] ^ ^ X K»*Rtf /XttllBtt* 

^2Si4r*i-5m 1 g^rffiR-rSXSi, -€r©«S&IS^ 

1 irof 2 US ^ i ^t*yK^fcm2 0* 

2^TJ?Sf^to|^^a©^3ffiSAf4V^-f^t. 6 0 onrni 5 
0 0 < C-efcS^tSr#mti-5f***l 575S1 8©^ 

rttd* 1 «fcs«©is«^tt&«©sit#£. 

[ISS*«2 0] MSxm(cJ;i?#^ttfc^lg©Ml 

2 Bfffcft*i-5 xs i: , mm? j - v* v k«**« t l 
£^ 1 /f ©n 1 ®^w«^®w*i-5xmi! *^r-T5 r 

i§M#mfei-5M*gl 5M1 8©V>-f^l*icie 
*©Sf«^ftS«©IS^fe> 



3 

2 1 ] msM 2 m #n v^s K-fy^ 

[000 1] 

[0 00 2] 10 

[00 0 3] mx-if. TAs$.i-m&*%im Lit'<yy— 

vRtf&mmmi*. mmmm&m vizm&iz&*<x\ 
mmm&x^mm^m^mmu w:/y y wet^x. 

bte&ox, BK#*S!fls.£iifcW:fy v vmm% 20 

(HIC) it, K4ffl©«^yt-ytLTS<ffi 

[0004] rnxm^ye^-zimmistix^ 

«ftfc«ffi¥8tfiu aN**"***-*^ 

[0005] i©j;54I*»U v 
t> fci^ii^iiiv^fbr^^-^A (a 1 n) &mm 

V1t'<yy-~ i^^lff^&ftTV^o r <Di o f^v^r 

[0 0 0 6] L S I COHg^iEfet LTftv #tf>- 

LSHCti^ilS^yyhTW (PGA) A?y 

[0 0 0 7] sfr3£roa^T/i-? f&6H£tt&t* 

~v(»mMPt£vxi£mx$>z>i>K wmmmv^x h 



#§S¥9-1 025 6 2 

4 

o ofrefcSo 

[0 0 0 8] *fc v -jRfcaftsr*-5 = ?A©?Rfi»wi 
SrgttS,, W»lL(SE«>JS»»**«E«Ufc»).> 

m&*K&vx#m%.W£*m.mm5 ttwaw* 

[00 0 9] ^T?, y-f K©fg^»#«S* 
©ifeH©4 I T-St>±t< ( 2 4 ttOW/mK) v **, 

[ooio] fttj, ?<f vntm&imb LT 
»s a&fc&%mmm (cvd) a (t^sg 

-277 5 #^:fli6 1 -3320 , 
[0011] 

^ K««jW-6IPft50 0R»mi>«>{(:l9m«r9IU 
[0 0 12] ^+*J'H»Mli6W*T»5B 

* ^^oaa^iessii: l s i «©SifRg»«^ 
[ooi3] Mz.x. yjY^-svmvtmti* m&m 

m&L S I mttM&lrSZsiJziyt*:* < ^ftSfc 
*.» ^i-^V KSfefcL S I ^-?**g1-5 <t, 
»J;oTL S I i>mm l,ft *) ^ Bfilfei^ Cfc ») 
i-5„ ft*3, ^t^K, T/m-r, mcT)V%^ 
ARX*$"J =*>(DWm&i&ti, X* 1 . 2X10\ 

8X10"", 5x i o"* M3x i o"* /trefc.s* 

[0 0141 EiWcStLT, #5-^«et*R.tM8«/^ 
7 $ HS«K^(f*t#f£, 



5 

/^f^^^M*^#Ol»3S#i5:tt, 3 x l (j- 
M3. 2X10" /"CT?*>5. Lj&»U *MB**t» 

5, 2 2Ktf2 2 OW/mKtfcS, 
[OOl 5J Ifi^ilM-»±«ifif$tt, 1 
6 0 0 ~ 2 0 0 OW/mKt M®XM^t)h tB£BEfc 10 

*W©*e»tt»fiv\ rot*. jSftkSfflttasftv^ 
*9^«tR*T?tt; imolS^lilO^^ OW/m 

0)M3MKt£2 0~ 3 O W/mKM-e&5, 
[0 0 1 6] -tOiaWwI'tfl, 1 OOW 

/toiaw©ifciB^Hfte>iM«ti#r6 t>© t *> s 

[0 0 17]f oT, f£*tmj!lH:* f&££&, *Bf© 20 
(00 19] 

BJit* r. of 1 B©5t*HW©i? 2 Bffcfrr* ST 1Mb. 

s*tfcH2Jifcfctf+&£fc*#itif*. *fc v una 

I 0 0 2 0 ] ?mw \m 5 ie«se*^36K«>ist*ffi 40 

2-B5 «r*i-ssr 1 *&ft*t-3iai » ^©^'> 
mm 1 s <om 2 Bic^>r ^ Ka**> 4 5 s& 2 m 

[0021] ^mmmz^Mwmmmmm, 
ma, fmmmmmm. x\zw^*i/mw%&/ 50 



#58¥9- 1 0 2 5 6 2 

6 

[00 2 2] #3&lSfc«3#i©&£^tt»K©£^# 
JEM** , ^ ^ * > -K«sfciPifc*>*t fcffltfrrt U fc 

K»*a*««> & 2 nhtiftm 2 a 

3B*fc*flHfefr*#H«f .c ticx *)M 1 B 

[00 2 3] *HW{c#5te©iS;f|!^^S^©SSit* 

<Qpraf*iBswf arr s - 1 t-«t t> m 1 MJtt^m 2 sss* 

Bit a 4&K>^-f K*»fe «6» 2J§£K* Lt*P 
[0 0 2 4] 

fc# i c i m<D&&w<Dm 2 B*«f i 

gfc*3V>T. ^©*2BJ-l»e^^mi&/^5^^ 
•li^BfHCJt^T 2 4 0 OW/mKtiftt^^/^ 

ir* v k«» & 4 5 flr 2 s r. t ic j; 9 , * 

[0025] t^^-e, se* v mm<DmmttPc*%te t 

[0 0 2 6] L^L, *mi&PJ#^{i, att©K3Htm 

>- \*m<DM]8.%mmiz vx^zmmx-hzz t 



7 

[0 0 2 7] ^©$IC^Jfi©#$-K-«, S^©fe<D^$> 

[0 0 2 8J iS^T^^T-r**-^^ jK 

2 5 0 or iDiaSv 2 0 0 0 

to 0 2 9] wRmmumvo-h, tEftsw*^?^ 

[0 0 3 0] -»j;7(c, imm^m%.mM'say-¥4 j T 

[003 1] misvmzmmMistizmzm 
&T?z<DmMj>mc^xm.mi-?>o 

[0 0 3 2] «2BQg^ ; 5 u mlU K 

tc, -y*> Fi^t£zm2mzw.mvxmj&i?:&z> 
#^±£^3 r tot, fsmmimo 

m 2 3 0 2 Ji <oj? £ f* 5 u m#± £ 

[0 0 3 3] Z.<D£5lZ^ f2f©eStt, '>£<i*> 
2m<Z>mf£^Xh$:mfflirZ>Z.b&X$Z 0 fc*5* ^2 

[0 0 3 4] iS^Sfc^n^ (B) & F^-tV^ 



(5) #08^9-1 0 2 5 6 2 

8 

^t(Dm^nm^mcx^xmm^^^> mz& 
wtmmmxmmirz z t&xr% 5„ 

[0 0 3 6] *fc» W*W»3t»43l**«a»CJ:«*X 
ttft&Scoffeb 9 fc, y^^r^y Htt3K«rMKflr l S© 
^2SK^fc^*U-C*3t, €©SfKl^r*^ Kit* 

[0 0 3 7] ^JBSW**^*^^^ K» 

+ * y Fm>m 2 € 4««T?* 5:i Sr^v L fc„ r 
©»6\ WE^ 1 V t 2 € fc Lfc 

fc, m2mifim.wmxmmmmh^<o , Mumvmm 

^ 5/ ^ > if $ ft 5 i £ %ffijbjr$ r fc «s-c * 5„ 

[oo3 8] asi-jwoiRzaiKisay-f 
xh£i>\ 

[00 3 9] ^*5 V z<Di.?\c Lx-rj^y vmm 
m&g^&fti&xmtmzftn-tzz.ktcZ'ixjm 

[ 0 0 4 0 1 1 K»**dftt 

[ 0 0 4 1 1 #&3§W#^fi, ^-r^-v K»5fcfc£* 

J: 9 -Hifa-fcS*S ' i: ^ s t# 5 ^ t *JtV ^tB Lfc. r 
**EUt, ^-f^^F)B^S$*T|g2Ji*^ 
40 [ 0 Q 4 2 I Ml «g>«-2 jB«0*««R:-38 tt£££± 
^lS©m2ffi«©|ggg|5(J:*3V^T, 

K»jfeJ« 5 0#^%K±5m$ttTV^ t , 
ia«T?#«* fcT, 0lSfc*5JtSJB2ffi*I©*SSl5 

it s ?4 is mm* 5 0 m§%si-tx h&zt 

50 ^©40. l~10ptn-e*5C4r38«#*U\ 



9 

[0043] jeic, *WIW4MW*y-f -f *y 
t>*»a*0&fi:*fc*«BJ& l WoSRSWi ®H«fc 

Mfc33 5 ^ KXtt«fS©^#ifc, EP*>m 1 S 
*s It 5 *V v KX ttiM&©4WS*©»fr* £ o 
ff l € ©me*** t ?4 K«©&d-Jt t ©83 

[ o o 4 4 J 3EK*fe, £© fc * ^-f ir^ v TO*^© 

[ o 04 5 1 ^MHin#»ttv mmtxrn 
[004 61 £d -re > vi&**w#am ■, o . i rag 

5 0 u m 

3&m&t£# 3 o ma&>n»>zm#Gm i j*&*mk»* 
-r r*y h»*© t\ * l 

#WS21Kft=*ha*i*<*oTL*5fc»i>» *©LhlS 
tt»±5 0 it m t i"S C t LV v 
[0 0 4 7] M<&»5feg>y*Sflfift : 0 . 0 g m 

Sc^fiO. 573^5 0mn?t)5:t»U, r© 

[0 0 4 8] ft*s, 0i«lc^-\r*^m*«f*^»: 
£-a~fl^ m i S©* 2 Sic^-r *r*y MfeffflMrt- 

ftNHHK. fi«?tt«»xtt«««Bc«»s*r, r© 

#HN&l£«*aHEJR 1 Jf ©!?S 2 ffi}dM*-T5„ * LT. 

K*fflHBj& 1 ®©?g 2 KRSMH^Jiti-a t » 

5£i#*e*<5. *fev ^ © i t © ^ ^ Ktt*© 
TOSS^O. 17&S6iim.TJifeSii:.#»*U\ - 



(6) Mf9-1 0 2 5 62 

10 

t s ^ ^r*^ KS*^miffiH l S©H 2 Bflcft*LK: 
[0 0 4 9] £©«fc5fc, *iJB©»2iBKi^>rir*^ 

»*#©a^>*<-ctiv^fc», Kte©^it3^^^ 

10 [0050] *«W{c«SSSSe^ttJE«t©»it 
^^fetov^•r, ^it^feA, B, C&tFD©4ffi©M3g 

[0 0 5 1] |Bte&iSAT?tts y-Y-v^& v 

S„ *Lf v ifei©Hlg©miffi{^ffi«^ 
UXcJS < . IftlEH 1 J| ©^ 2 jfitc ^-C V 

MK«5Wfr*ft««» *L-C, SfttfffEH l jif |£4KB 
20 W*fc»f.' 

[0 0 5 2] «J£#Sc»t?«\ 3feT, »8Wbft«lga 

ffl*ftfc*«f6. -£©^v -©*«a*r*nffi>!}a^ 

jjM-SifcfcioT. fll*#8t5 t !!fefe, ^©m 

1 e©^ 2 ws^-f "t*^ H*»&fts» 2 m&xm&oi 

IT, MI2iElS©HlSi{C^agJ3F*^J| 

1". ■ 

30 [0 0 5 3] W&r&C t?tt> ftT, ^ if* ^ K»* 

i»f 1 ^©» 2 tBtc^ ^ y f?&* & ft 5 * 2 Ji 
«'**S*5. ^LT, Mffi^lg©fflS^fiiB5iffi 

40 [0054 ] S it^&D jfei*, ^-T > K)^* 

m&&vxmiJ3&imi-z>. m^, ^©Eis©m2 
[0055] k±©j:5^lt, ^mmimzmmzm 

D©2r*££ ioTfl SSrfm bfe« 4 »:© i o ic lx 
50 *2JBS^ftfSLr*>J:V^ RJt>, ^lffi^SW^S 



11 

&v IWB^W ir=e >• K&ife&gr t UT *V K 
5„ 

[0 0 5 6] »2JB*-«fB^*^S»^t!:»v^ 

(B) *P*-Ux^LT«g6riH-aci:«ff* 
UK 10 
. [0 0 5 7] RK % tziffi 5 i%ffit63M££££>at£ 

loos 8J flngft*toBB*tm. ttEft^BttaflMBa 

g)fe»MJt : 6 0 0 M 1 5 0 O °C 
[0 0 5 9] rttt>0|ft^af4V^-fiXt) 6 0 075S1 5 

o o XKDM&x-n ozt tm% LV \, CWt, 

as 6 o o t;3Mlrett«ftoJJJi*i* , *fc 15 0 o .xhm 

a»e>T*S>5. ft*5, <fc9#f*L<tt8 0075^1 20 0 
[0 0 6 01 **5> ^>f^i'K»^**Hi!C'f r C* 

h±tmm<Dmms&-?mtm.'rz> z. k u 30 

[ 0 0 6 1] £t±C5«*<DiSJS3^fcioT. MttfcfRt 
[00 6 2] 

Hit L-COfitJHCKli:^ KKfetti** 40 
[00 6 3] mjJiMM 

:5fe-f\ #tfctfc«'T*B\ 7i/-;v7*M7*rt K* 
flg$* 6 5 Mfi%, 5 m m©Jig&l&* 2 511 

-C¥*&«* 3 0 )i mOi&K&frffsS Lfc 0 
[0 0 6 4] -<Di£m&3r£M{~3£»U JSg: 

160~180t\ W.fi : lOOkgf/cm'f, * 
'/h/^^LT, jKlOOmm, f$2mm©* 50 



t»¥9-l 0 2 5 6 2 
12 

[006 5] * L"C, r ©^«?SriSS«ffi<Pl|«S:«K« 

Wt-CS'WmiWWfclfci 4 5 0 , C4t?5 , C/l*P4 s 8 
5 1 0"C/WW» 115 010**3 2 0W"»*W 

<ojiirc#&u leci i 5otj«>-»*T?5^iBifiS!«p 

[0 0 66] J6K«>±ffi4'ttg , # 1 0 0 0-©S 

i C«Sffit?V s> tfV^LfcfK 3|ftg# 8 0 0 0 <OT)V% 

a : 2 0A; MddgMRm, : 1 5 0AtjSot» 

[0 0 6 71 K±©J;5fctxft«»K*'f^BU 

* 3. 2 X 1 Q"* /CM.2 OW/mK-ejbat 
tO 0 6 8l. gattlMI 

5 : MS% V f»5 <i,mK)II&te2 5«* 
[0 0 6 9] ±3*©flSlJt««i:iaH»!lbT, 

«s^*«srfSK Lfc„ c: © $ zmm&fDmwiBJs 

tts ¥*a&ft R a : 1 0 A, SisfeffiSCR- : 1 2 0 A 

[0 0 7 0] r©fg2tt«^(D^ai»te©!tt^3Rfi £ ,ifc& 

t?., 2. 7X1 0^ /*C%.Zf4 2W/mKfcKHit 
KM J: 9«»MWW>ofc. 
[o o 7 l J £KIUm!ltJR9l^&ftdtfSRfttE 

[0 0 7 2] ^l^M 

m®3i 7 5 ss%, ¥-mm 5 ^ Y&vm&Btifc 25 m* 

O^C, i£^J : 10 0kg f/cmXM1&}£ML1to 2fc 

fbfvitaam^W'^ nm> mm s 1 e ot;, ff* : 

15 0kg f/cm "QBMMa»L«. 
[0 0 7 3] r©S*«3WI!lfi!aiHcJ:<)-C#fe*i»fcri8e 

[0 0 7 4] tLT, r©^^K^a<DHf&^{^ 

aeiHsat«t»tfev^'ci 1 5 ot;coaa-e^Lfc 0 



(8) 



13 



[00 7 5] ti&mojf't'Wy k»*#b*s 

T* £ comity ir pft'c v d«»c iot^ v 

~5%«TJjc£#flLfcfc£> : 1 0 0 s c cm) 

fcCEJffU *K?B.ft : 800^8 50U 

E: 3 0~6 OTo r r -e-Si31-f*«pbT, 2 O^KK 

[0 0 76] £Lh©J: 5 1- Utffi»Lfc*«fiaMt«« 
£r@ 1 ic^-f 6 -©IS 1 K^H~<fc 5 fc. J5S!ie3H43£K 

(ft 2 BB) \c{Ty( *r*e> m 3 £«ffl-a-fefc Itch ©T-fc 
5„ ^Sf*R2«>TiB (ft2B) fctat^Y*^ 
mt?#< #WiiWW5g*ir'Cv** tab. §mw$.2 <o 
Tffi (SE2ffi) i£tt^W-y*^Kit3Sr&«Flc««S* 
Sit^tfc. *{ftfi»tt»S;l©±iii (01 20 

as) r*itiEW**iiu c^i#©w*««>*ifa&* 

tt» ¥#F&«Ra : 1 0A V SstfMERw : 1 2 OA 

10 0 7 7] £Lb <d -t 5 £ LTffiftfiSiKtl&K l fcfBK 

3c* 2. 8 X 1 0" 6 /t&t*4 8W/mKtfeo 
fc. • 

[0 0 7 8] #±©jg5££#©5 MBR6tf6ie»ff 5tt 
^fffit^ ir*-* KKoffd #A%S#«o> Aft 
€«ttai«*f«Lfc. *©i#©^-¥*VK»©J¥ 30 
$ t<&Bi«ftH 4 ©:/5 7@t*t. 

**5 % ^OtS©^S«©J¥Siit^nt 1. 5 mm 

[00 79] cci4 i-^-f-J; 5 Kl^© 

j? *asji» ^ n m&mmtfw, < # 5 ^ t „ 
[0080] m2mmm 

TarteJP*3i*3 0 ft m»^ir*v K**##U *m 
fcWI2^**«©±K (f IB) t^ffiW»SrJfeL-C. 40 

[0 0 8 1] £©iSS^#fiM©»£W&W5£Lfc 

[0 0 8 2] fc*5, K«aBBLh(c^-f ir*^ PfHHt 



#ffi¥9~l 0 2 5 6 2 
14 

#ft^&a, ®¥*5*&#0. 2 jamO^-V^V K^**r 

&a*jis Ltci&&hm&mmnmm&ti:i>^ ± 0 

[0083] 

a&&K*iv*T\ R#ssmsB«t" si5ts><?t wbsb** 
[o o s 4] soes ^«tfc«««iiM^»a6«*-4efli 

-e$5„ JEK:*.^ gSR^**t^Jtfittl. 5-1. 

[92] wm&mim&&£Y>> mmt~mummK-ft 
[@3] mnizmmmmztv, atw^^KR 

tot, MXSKlcisrt 5 y-Y -¥^e V K 

®&>m&tt& 3 o fi*%i?&5»&<o^^£iK©sse 

[124] ffiMlz:(|&&fflM|K*£9, «WKc^-Y*^KR 
[^<DKK] 



(9) f3«9-l 0 2 5 6 2 

[@1] [H2] 




(72)isk# M-a- mm 



Received on 2009/07/29 09:51AH * Pg 2/29 

20Q9*F 7^29B 16S435 ASAMURA 81-3-32705076 



NO. 1 5 1 9 P. 2 



JP-A-9-102562 

[Claims for the Patent] 
[Claim 1] 

A high-heat -conductivity substrate characterized by 
comprising a first layer having a first surface composed 
mainly of a hard carbon material and f inished to be a 
specular surface, suid a second surface opposed to the first 
surface; and a second layer composed of diamond and deposited 
on a part of or the entire of said second surface. 
[Claim 2] 

The high-heat -conductivity substrate according to 
claim 1, characterized ill that said second, layer is formed by 
vapor -phase synthesis . 
[Claim 3] 

The high-heat -conductivity substrate according to 
one of claims 1 and 2, characterized in that diamond grains 
ana/dr graphite grains aire scattered in said first layer, 
[Claim 4] 

The high-heat -conductivity substrate according to 
claim 3 / characterized in that the concentration of said 
diamond grains is higher in the second surface side than in 
the first surface side of said first layer. 
[Claim 5] 

The high-heat-^ conductivity substrate according to 
one of claims 3 and 4, characterized in that the average 
particle diameter of said diamond grains is 0.1 to 50 iim, and 
the average particle diameter of said graphite grains is 0.5 
to 50 niii. 
[Claim 6] 

The high-heat-conductivity substrate according to 
any one of claims 3 to 5, characterized in that said second 
layer is a vapor -phase grown diamond film using said diamond 
grains as nuclei - 
[Claim 7] 

The high-heat-conductivity substrate according to 
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any one of claims 1 to 6, Characterized in that the second 
surface of said first layer is subjected to a scratching 
treatment by mechanical polishing and an -ultrasonic treatment 
using diamond grains of a diamond paste, 
[Claim S] 

The high-heat-conductivity substrate according to 
claim 1, characteri2ed iri that said second layer is formed by 
applying diamond grains onto the second surface of said first 
layer, and vapor-phase growing using the diamond grains as 
nuclei* 
[Claim 9] 

The high-heat- conductivity substrate according to 
claim 8, characterized in that .the average grain diameter of 
said diamond powder is 0,1 to 5 jam. 
TClaim 10] 

The high-heat-conductivity substrate according to 
claim 9, characterized in that at least 5 0% by volume of said 
diamond grains are scattered in the outer- layer portion on 
the second surface side of said first layer. 
[Claim 11] 

The high -he at -conductivity substrate according to 
any one of claims 1 to 10, characterized in that the 
fchicltness of said second layer is at least 5 fXtn. 
[Claim 12] 

The high-heat- conductivity substrate according to 
claim characterized in that said second layer is a self- 
standing diamond film formed by a separate vapor-phase 
synthesis , 
[Claim 13] 

The high-heat- conductivity substrate according to 
any one of claims 1 to 12, characterized in that said second 
layer can be forcedly cooled. 
[Claim 14] 

The high-heat -conductivity substrate according to 
any one of claims 1 to 13, characterized in that said second 
layer is doped with boron. 
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[Claim 15] 

A method for manufacturing a high- heat -conductivity 
substrate characterized by comprising a step for fabricating 
a first layer having a first surface and a second surface by 
sintering- in an inert -gas atmosphere a formed body obtained 
by forming, under pressure arid heat, the powder of a 
thermosetting resin mixed with diamond grains and/or graphite 
grains; a step for specular finishing at least the first 
surface of said first layer; a step for vapor-phase 
synthesizing a second layer composed of diamond oh the second 
surface of said first layer; and a step for specular 
finishing the first surface of said first layer again. 
[Claim 16] 

A method for manufacturing a high-heat-conductivity 
substrate characterized by comprising a step for fabricating 
a first layer having a first surface arid a second 'surf ace by 
sintering in an inert -gas atmosphere a formed body obtained 
by filling the powder of a thermosetting resin, or the powder 
of a thermosetting resin mixed with diamond grains arid/ or 
graphite grains, in a mold on which diamond grains are 
spread, arid then forming, under pressure and heat, the 
powder; a step for vapor-phase synthesizing a second layer 
composed of diamond on the second surface of said first 
layer; and a step for specular finishing the first surface of 
said first layer. 
[Claim 17] 

A method for manufacturing a high- heat -conductivity 
substrate characterized by comprising a step ,for fabricating 
a first layer having a first surface and a second surface by 
filling a first formed body obtained by forming, under 
pressure and heat, the powder of a thermosetting resin mixed 
with diamond grains and/ or graphite grains, in a moid on 
which diamond grains are spread, and then forming, under 
pressure and heat, the first formed body in an inert-gas 
atmosphere to obtain a second formed body wherein diamond 
grains are buried, and sintering the obtained second formed 
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body in an inert-gas atmosphere; a step for vapor-phase 
synthesizing a second layer composed of diamond on the second 
surface of the first layer; and a step for specular finishing 
the first surface of said first layer. 
[Claim 18] 

A method for manufacturing a high -heat -conductivity 
substrate characterized by comprising a step for fabricating 
a first layer having a first surface and a second surface by 
sintering in an inert -gas atmosphere a formed body obtained 
by forming, under pressure and heat, the powder of a 
thermosetting resin mixed with diamond grains and/ or graphite 
grains aiid then specular finishing both surfaces of the 
formed body 7 and a step for performing heat treatment for 
adhering a second layer composed of self -standing diamond to 
the second surface of said first layer. 
[Claim 19] 

The method for manufacturing a high-heat - 
conductivity substrate according to any one of claims 15 to 
18, characterised in that all of said forming under pressure 
and heat, said sintering, and said heat treatment are carried 
out at a temperature of 600 to 1500°C. 
[Claim 20] 

The method for manufacturing a high- heat - 
conductivity substrate according to any one of claims 15 to 
18, characterized by further comprising a step for specular 
finishing the first surface of the first layer obtained by 
said steps; a step for applying an organic solvent, a low^ 
viscosity resin or a photosensitive resin in which diamond 
grains are scattered onto the second surface of said first 
layer; a step for growing a second layer composed of diamond 
using said diamond grains as nuclei; and a step for specular 
finishing the first surface of said first layer again- 
I Claim 21] 

The method for manufacturing a high-heat- 
conductivity substrate according to any one of claims 15 to 
20, characterized in that said second layer is doped with 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application Field] 

The present invention relates to a package 
substrate for mounting electronic parte thereon, such as 
high- integrated and high-speed LSIs, and more specifically, 
to a high-heat -conductivity substrate that excels in heat 
dissipation effects and the method for the manufacture 
thereof. 

[0002] 

[Conventional Art] 

In recent years, with the downsizing of electronic 
devices, the integration degree of semiconductor devices has 
been increasingly elevated, arid higher integration degree and. 
high reliability have been demanded in packages wherein 
semiconductor elements are mounted - 

[0003] 

For exaimple , since packages and multilayer 
substrates using alumina substrate excel in higher 
integration degrees and high reliability, they have been 
heretofore most frequently used. in particular, a hybrid 
integrated circuit whose circuit is miniaturized by forming a 
conductor wiring and dielectric layer on the almina substrate 
to hybridize, hybridization integrated circuit (HiC) has been 
widely used, in consumer semiconductor packages . 
[0004] 

In addition, for ultra LSIs used in a super large 
computer, multi-pin PGAs, microwave high-output transistors, 
optical function elements and the like, demands for higher 
integration and higher output are elevated. Therefore, as 
the materials for substrate for mounting semiconductors, 
excellent surface smoothness, a coefficient of thermal 
expansion close to that of the silicon material that 
constitutes a semiconductor bare chip, a high heat 
conductivity, and a high dimensional accuracy have been 
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required. Tn particular, in the case of substrates for 
mounting highly integrated circuits, since the life of the 
element is shortened and the characteristics of the element 
are lowered if the temperature of th£ semiconductor is 
elevated, the substrates that sufficiently dissipate heat are 
required. 
[0005] 

For satisfying such demands, packages using 
aluminum nitride (A1N) substrate , which has a higher heat 
conductivity than the heat conductivity of alumina substrate t 
packages provided with alumina heat dissipating fins and the 
like have been developed. The basic structures of such 
packages are a film multilayer type, wherein circuit 
conductors and dielectric materials are laminated on a 
ceramic substrate, such as alumina and AlN, by screen 
printing or photoengraving; and a green sheet laminate type, 
wherein the Circuit is printed oh a greesn sheet such as 
alumina, and laminated. 
[0006] 

Examples of methods for mounting LSTs include a pin: 
grid array (PGA) package used in multi-pin l-Sis, a flat 
package used in ultra high speed integrated circuits, and 
leadless chip carriers used in low- temperature devices. 
[0007] 

Although the above -described aluminum nitride 
excels in heat conductivity and workability, aiid is suitable 
as the material of the substrate for high integration and 
high speed LSI packages, Since the costs of the material 
powder are high, and the manufacturing process is 
complicated, it is difficult to lower the manufacturing costs 
of the LSI package. In fact, the price of aluminum nitride 
material powder manufactured by a reduction nitriding method 
is about 10 0 times the price of conventionally used alumina 
powder . 
[0008] 

Generally, since the heat conductivity of aluminum 
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nitride depends oh the lattice vibration of the crystal, it 
is influenced by contamination due to oxygen, iron, nickel, 
silicon or the like. Therefore, since it is required to use 
high-purity material powders and to strictly conduct 
atmosphere control during manufactur ing, much expense is 
required for manufacturing facilities, and the manufacturing 
costs are elevated. 
[0009] 

Meanwhile, the heat conductivity of diamond is 
highest in various substances (2400 W/mK) , and it is said to 
be aii intrinsically optimal material for a high-heat- 
conductivity substrate- However, the size of diamond 
naturally produced or synthesized at a high temperature and a 
high pre$$urs is as small as several millimeters square, and 
in addition, it is expensive. Therefore, since it has become 
technically possible to synthesize a diamond film on a 
substrate having a diameter of several inches by vapor-phase 
synthesis, it is recently tried to synthesize a thick film of 
diamond using a vapor-phase synthesis method and to use it as 
a high- heat ^conductivity substrate* 
lODlO] 

As the vapor^phase synthesis methods of diamond, a 
microwave chemical vapor deposition (CVD) method ( JP-B-59- 
27754, JP-B-61-3320, etc.), a high-frequency plasma CVD 
method, a hot filament CVD method, a direct current plasma 
cvp method, a plasma jet method, a combustion method r a 
thermal CVD method and the like have been known. 
[OOlll 

[Problems to be Solved by the Invention] 

However, when a high-quality diamond film having an 
excellent heat conductivity by vapor -phase synthesis, the 
growing rate of diamond must be 1 pm/hr our lower, and it 
takes a time as long as 500 hours to synthesize a diamond 
plate having a thickness of about 0.5 mm, which raises the 
manufacturing costs compared with other materials. Moreover, 
since diamond has the highest hardness of substances, a long 
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time is required for the specular finishing of the surface 
and the manufacturing- costs of the diamond plate are 
elevated. 
[0012] 

Furthermore, since the area of a diamond plate that 
can be subjected to specular finishing is at largest about 1 
cm square, diamond is not suitable to a high-heat - 
conductivity substrate for LSis, which retires an area of at 
least several centimeters square. 
[0013] 

In addition, since materials, such as diamond > have 
coefficients of thermal expansion significantly different 
• from the coefficient of thermal expansion of silicon that 
constitutes LSI elements, wheii the LSI elements are mounted 
on the diamond siibstrate , the LSI elements are peeled of , or 
lines are broken due to temperature change. The coefficients 
of thermal expansion of diamond, alumina, aluminum nitride, 
and silicon are 1,2 x 10" 5 , 8 x 10" fi f 5 x 10" 6 , and 3 x 10" 
6 /* c , respectively. 
[0014] 

Whereas, hard carbon materials represented by 
glasslike carbon and graphite/glasslike carbon composite 
material have coefficients of thermal expansion close to the 
coefficient of thermal expansion of silicon, and can easily 
obtain a specular surface by polishing. Specifically, the 
coeif f icients of thermal expansion of glasslike carbon and a 
glasslike carbon/graphite composite material are 3 x 10" 6 and 
3,2 x io" 6 , respectively. However, hard carbon materials are 
inferior in heat conductivity compared with high-heat - 
conductivity materials, such as aluminum nitride - 
Specifically, the heat conductivities of glasslike carbon, 
and graphite/glasslike a carbon composite material, and 
aluminum nitride are 5, 22, and 220 W/mK, respectively, 
[0015] 

Although the heat conductivity of a graphite 
crystal itself on the same plane is as extremely high as 160 0 
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to 2000 W/mK, the heat conductivity in the direction 
perpendicular to the plane is low. Therefore, in glasslike 
carbon Whose crystals have no orientation, the heat 
conductivity of the material is as low as about 10 to 20 
W/mK. Even in the graphite/glasslike carbon composite 
material formed by mixing graphite grains in glasslike 
carbon, the heat conductivities of the material are about 2 0 
to about 30 W/mK , 
[0016J 

Although certain general graphite materials have 
relatively high heat conductivities of about 10 0 W/rnk, since 
any of these are soft and produce dust, these cannot be used 
in applications of LSI packages or the like. 
[0017] 

Therefore, none of conventional materials satisfies 
all the characteristics of heat conductivity, surface 
specularity, and thermal expansion, and manufacturing costs. 
In particular, the avoidance of effects by heating due to 
high integration of LSIs, miorowave integrated circuits, and 
laser element integrated circuits was a large problem in the 
semiconductor industry, 
[0018] 

Taking the solution of such problems into 
consideration, it is an object of the present invention to 
provide a high-heat -conductivity substrate having an 
excellent heat conductivity, easily enabling specular 
finishing the surface, having preferable thermal expansion 
characteristics, and enabling the reduction of manufacturing 
costs; and a method for the manufacture thereof. 
[0019] 

[Weans for Solving the Problems] 

A high-heat -conductivity substrate according to the 
present invention is characterized by including a first layer 
having a first surface composed mainly of a hard carbon 
material and finished to be a specular surface, and a second 
surface opposed to the first surface; and a second layer 
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composed of diamond and deposited oh a part of or tile entire 
of the second surface. it is preferable that the second 
layer is formed by vapor-phase synthesis; and it is 
preferable that diamond grains and/or graphite grains are 
scattered in the first layer. 
[0020] 

A method for manufacturing a high- heat -conductivity 
substrate according to the present invention is characterized 
by including a step for fabricating a first layer having a 
first surface and a second surface by sintering in an inert - 
gas atmosphere a formed body obtained by forming, under 
pressure and hfeat, the powder of a thermosetting resin mixed 
with diamond grains arid/or graphite grains; a step for 
specular finishing at least the first surface of the first 
layer; a step for vapor-phase synthesizing a second layer 
composed of diamond on the second surface of the first layer; 
and a step for specular finishing the first surface of the 
first layer again. 
[0 021] 

Another method for manufacturing a high-heat- 
conductivity substrate according to the present invention is 
characterized by including a step for fabricating a first 
layer having a first surface and a second surface by 
sintering in an inert- gas atmosphere a formed body obtained 
by filling the powder of a thermosetting resin, or the powder 
of a thermosetting resin mixed with diamond grains and/or 
graphite grains, in a mold on which diamond grains are 
spread, and then forming, under pressure and heat, the 
powder; a step for vapbr-phase synthesizing a second layer 
composed of diamond oh the second surface of the first layer ; 
and a step for specular finishing the first surfaces of the 
first layer, 
10022] 

Another method for manufacturing a high-heat - 
conductivity substrate according to the present invention is 
characterised by including a step for fabricating a first 
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layer having a first surface and a second surface by filling 
a first formed body obtained by forming, under pressure and 
heat, the powder of a thermosetting resin mixed with diamond 
grains and/or graphite grains, in a mold on which diamond 
grains are spread, and then forming , under pressure and heat, 
the first formed body in an inert- gas atmosphere to obtain a 
second formed body wherein diamond grains are buried, and 
sintering the obtained second formed body in an inert -gas 
attnosphere ; a step for vapoir -phase synthesizing a second 
layer composed of diamond oil the second surface of the first 
layer; and a step for specular finishing the first surface of 
the first layer, 
[00231 

Another method for manufacturing a high-heat- 
conductivity substrate according to the preterit invention is 
characterized by including a step for fabricating a first 
layer having a first surface and a second surface by 
sintering in ail inert -gas atmosphere a formed body obtained 
by forming, under pressure and heat, the powder of a 
thermosetting resin mixed with diamond grains and/ or graphite 
grains and then specular finishing both surfaces of the 
formed body; ajid a step for performing heat treatment for 
adhering a second layer composed of self -standing diamond to 
the second surface of the first layer. 

[0024] 

[Operation] 

The present inventors carried out various 
experiments and studies to develop a high-heat- conductivity 
substrate that has an excellent heat conductivity, easily 
enables specular finishing a surface, has favorable thermal 
expansion characteristics, and can reduce the manufacturing 
costs. As a result, in the first layer having a first 
surface composed mainly of a hard carbon material and 
finished to be a specular surface and a second surface 
opposed to the first surface, by depositing a second layer 
composed of diamond, which has as extremely high heat 
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conductivity as 24 00 W/mK compared with the heat conductivity 
of a graphite/glasslike carbon composite material on the 
second surface thereof, it was found that the object of the 
present invention can be achieved. 
[0025] 

Meanwhile, it was conventionally said that even if 
an ordinary carbon material is used as a substrate, on which 
diamond is vapor-phase synthesized, diatnond grains are 
scattered and grown on the substrate, and a continuous 
diamond film cannot be formed. In addition, it was said that 
the carbon material is etched by hydrogen plasma generated in 
the process of the vapor-phase synthesis of diamond, aiid the 
formation of a continuous diamond film on the substrate of a 
carbon material ie difficult. 
[002 6 J 

However, the present inventors found that the cause 
of difficulty to form a continuous diamond film is that since 
ordinary carbon materials ire porous , the surface area is 
large and the carbon materials are easily etched by hydrogen 
plasma, and found that a continuous diamond film can be 
formed on a hard carbon substrate that has high density and 
can reduce the surface area by the specular finishing of the 
surf ace - 
[0027] 

As materials for the hard carbon, various materials 
can be used- For example, giasslifce carbon, bitrious carbon, 
glassy carbon, high-density amorphous carbon, or f luorocarbon 
and the like can be used. These hard carbon materials can be 
obtained by the carbonization burning of thermosetting 
resins, such as pheribl- formaldehyde resin, furfuryl alcohol, 
polyamide, polyimide, bismaleimide triazine, and melamine 
resins. Specifically, the powder of a thermosetting resin 
raw material is filled in a mold, compressed, and heated to 
allow polymerization reaction and carbonization reaction to 
proceed. 
[0028] 
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High -density amorphbue carbon can also obtained by 
the hot hydrostatic compression treatment of glass like carbon 
after carbonization burning at a temperature of 2500°C and a 
pressure of 2000 atmospheres. 

Among hard carbon materials, especially typical 
glasslike carbon has a high hardness, has no defects, and 
excels in heat resistance and chemical resistance. Wheii the 
surface thereof is polished, an extremely favorable specular 
stir face of the same degree of a silicon wafer can be 
obtained. Therefore, in the first layer mainly composed of 
hard carbon, the surface becomes the plane suitable for 
mounting electronic parts by performing specular finishing on 
a surface - 
[0030] 

As described above, the substrate composed of the 
laminate of hard carbon and dia:mond according to the present 
invention has extremely high coefficient of thermal expansion 
compared with conventional substrates - 
[0031] 

Next, the second layer deposited on the second 
surface of the first layer, and a method for depositing 
thereof will be described. 
[0032] 

Thickness of the second layer; 5 urn or thicker . 

In a high-heat -conductivity substrate constituted 
by depositing a second layer composed of diamond oil a part of 
or the entire second surface in a first layer composed of 
hard carbon, the thickness of the second layer has a large 
effect to the heat conductivity of the substrate. 
Specifically, if the thickness of the second layer is thinner 
than 5 |itn, the heat conductivity of the high-heat - 
conductivity substrate cannot be sufficiently improved. 
Therefore, the thickness of the second layer deposited on the 
second surface of the first layer is 5 pxa or thicker. 
£0033] 
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As described above, since the thickness of the 
second layer can be at least 5 \xm f the costs for forming the 
second layer composed of diamond can be suppressed- Since no 
LSI or the like is mounted on the surface of the second 
layer, no polishing operation causing the elevation of the 
manufacturing costs of the substrate is required. 
[0034] 

If the second layer is doped with boron (B) f the 
defect density of diamond crystals can be reduced, and the 
heat conductivity of the high-heat- conductivity substrate can 
be further improved. 
[0035] 

As described above, although a diamond film cannot 
be vapor -phase synthesized oil the ordinary carbon materials, 
if a diamond grains or diamond paste is used oh a. surface of 
the first layer composed of hard carbon, and a scratching 
treatment is performed oh the second surface by performing 
mechanical polishing dr ultrasonic treatment, a continuous 
diamond film can be deposited oh the surface in a favorable 
adhesiveness by vapdr-phase synthesis. 
[0036] 

In place of the scratching treatment by mechanical 
polishing or ultrasonic treatment diamond grains can be 
previously applied onto the second surface of the first 
layer, and the diamond film can also be deposited on the 
surface . 
[0037] 

Furthermore, the present inventors found that the 
second layer of a continuous diamond film can be deposited by 
previously burying diamond grains and/or graphite grains in 
the second surface of the first layer and sintering, and by 
performing vapor-phase synthesis using diamond grains and/or 
graphite grains as nuclei on the surface. In this case, the 
adhesion between the first layer and the second layer is 
superior to adhesion when the second layer is deposited using 
the above -described method- In addition, since the second 
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layer becomes a continuous film in a short time, and coats 
the surface of the first layer, the etching of the first 
layer by hydrogen plasma during the vapor-phase synthesis can 
be prevented - 
[0038] 

Furthermore, in place of the vapor-phase synthesis 
of the diamond film directly on the second surface of the 
first layer, a self -standing diamond film can be previously 
fabricated by vapor-phase synthesis, and can be adhered on 
the first layer by a carbon paste br an organic adhesive. 
[0033] 

If the temperature of the substrate is elevated by 
heat generated in the use of the high-heat -conductivity 
substrate On which the diamond film is thus formed, the 
temperature of the substrate can be easily lowered by 
forcedly cooling the diamond film by air or a refrigerant. 
This is because the effect of forced cooling is extremely 
large, because the crystal faces of diamond are randomly 
oriented on the surface of the diamond film formed by vapor- 
phase synthesis, there are irregularities of about 1 \xxa g and 
the surface area is large. 
[0040] 

Next, the case wherein diamond grains are scattered 
in the first layer will be described, 
[0041] 

The present inventors found that the adhesion 
between the first layer and the second layer can be further 
improved if the diamond film of the second layer is vapor- 
phase synthesized on the second surface of the first layer 
wherein diamond grains are scattered- This is because the 
second layer can be formed by growing the diamond film using 
the diamond grains exposed on the second surface of the first 
layer as nuclei* 
[0042] 

Dispersion of diamond grains on the outer layer portion in 
second surface side of first layer: Sp% by volume 
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If 50% by volume or more diamond grains are 
scattered, in the outer layer portion of the secc-hd surface 
side of the first layer, since the second layer composed of 
diambnd rapidly becomes a continuous film using the diamond 
grains as nuclei, the etching of the first layer by hydrogen 
plasma during vapor -phase synthesis can be prevented. 
Therefore, the quantity of the diamond grains in the outer 
layer portion of the second surface side of the first layer 
is preferably 50% by volume or more. The average particle 
diameter of the diamond grains at this time in preferably 0-1 

tO 10 .(JJIK 

[0043] 

Furthermore, the present inventors tested for the 
relationship between the scattered quantities of the diamond 
grains and the graphite grains, and the heat conductivity of 
the first layer, and the following results could be obtained. 
Figure 2 is a graph showing the relationship between the heat 
conductivities of the first layer and the mixing ratios of 
diamond of graphite in a thermosetting resin, specifically, 
the proportion of the scattered quantity of diamond or 
graphite in the fijrst layer, wherein the heat conductivities 
are plotted on the ordinate, and the mixing ratios of diamond 
or the like are plotted on the abscissa. As shown in Figure 
2, by adjusting the scattered quantity of diamond grains or 
the like in the first layer, the heat conductivity of the 
first layer can be controlled, and by increasing the 
scattered quantity, the heat conductivity can be further 
improved „ 
[0044] 

Furthermore, if the concentration of scattered 
diamond grains or the like is raised as the second surface on 
which the second layer is deposited, the stress of the 
interface due to the difference in the heat expansion between 
the first layer and the second layer can be reduced. 
[0045] 

The present inventors also tested for the 
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relationship between the average particle diameter and the 
heat conductivity of diamond grains and graphite grains , and 
tha following results were obtained. 
10046] 

Average particle diameter of diamond grains: 0.1 to 5.0 urn 

Figure 3 is a graph showing the relationship 
between the heat conductivities of the first layer when the 
mixing ratio of diamond grains in the first layer is 30% by 
weight and the average particle diameter of the diamond 
grains, wherein the heat conductivities are plotted on the 
ordinate, and the average particle diairteter Of diamond grains 
are plotted oil tile abscissa. As shown in Figure 3> as the 
average particle diameter of the diamond grains scattered in 
the first layer is larger,, the heat conductivity of the first 
layer can be improved. Since the heat conductivity of the 
first layer is lower whefi the average particle diameter is 
smaller than 0.1 |im, arid the manufacturing costs are elevated 
as the average particle diameter is larger f the upper limit 
of the average particle diameter is preferably 50 tiiti. 
[0047J 

Average particle diameter of graphite grains: 0,5. to, 5.0 fjjft 

When graphite grains are scattered in the first 
layer, in the same maimer as in the above -described case of 
scattering diamond grains, larger average particle diameters 
can more improve the heat conductivity of the first layer, 
and the average particle diameter is preferably 0.5 to 50 \xm. 
In this range, scattering can be further improved. 
[0048] 

By applying diamond, grains in the second surface of 
the first layer , in place of scattering diamond grains or the 
like in the first layer , a diamond film can be grown to form 
the second layer, -Specifically, diamond grains are scattered 
in an organic solvent, a low-viscosity resin, or a 
photosensitive resin, and the organic solvent or the like is 
applied onto the second surface of the first layer. Then, 
when diamond is vapor -phase synthesized on the second surface 
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of the first layer , diamond is grown using- the applied 
diamond grains as nuclei , the second layer , which is a 
continuous diamond film, can Jbe formed. The average particle 
diameter of the diamond grains at this time is preferably 0.1 
to 5 p. This is because if the particle diameter of the 
diamond grains is smaller than 0 . 1 \im, the heat conductivity 
cannot be satisfactorily improved, and if the particle 
diameter exceeds 5 jam, it becomes difficult that the diamond 
grains are adhered on the second surface of the first layer, 
and furthermore, the adhesion between vapor-phase synthesized 
diamond and the first layer is also lost. 
[0049] 

As described above , in the tiei.se wherein diamond 
grains or the like are applied ottto the second surface of the 
first layer, and the second layer composed of diamond is 
vapor -phase synthesized thereon, since the quantity of 
diamond grains or the: like can be small, the manufacturing 
costs of the substrate caii be reduced, 
L0050] 

Next, among the method for manufacturing a high- 
heat -conductivity substrate according to the present 
invention, four manufacturing methods A, B, C, and D will be 
described . 
[0051] 

In the manufacturing method A, first, thermosetting 
resin, powder mixed with diamond grains and/or graphite grains 
is formed under pressure and heat to obtain a formed body. 
The formed body is sintered in a:n inert gas atmosphere to 
fabricate a first layer. Then, specular finishing is 
performed On at least the first surface of the first layer. 
Next, a diamond film is vapor-phase synthesized on the second 
surface of the first layer. Then, specular finishing is 
performed again on the first surface. 
[0052] 

In the manufacturing method B, first, thermosetting 
resin powder, or thermosetting resin powder mixed with 
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diamond grains and/or graphite grains is filled in a mold on 
which diamond grains are Spread, Thereafter, a formed body 
obtained by forming this filled powder under pressure and 
heat is sintered in an inert gas atmosphere to fabricate a 
first layer. Next, a ^fecond layer composed of diamond is 
vapor-phase synthesized on the second surface of the first 
layer. Then, specular finishing is performed on the first 
surface of the first layer. 
[0053] 

Iii the manufacturing method C, first, a first 
formed body obtained by forming, under pressure and heat, 
thermosetting resin mixed with diamond grains and/or graphite 
grains is filled in a mold oh which diamond grains aire 
spread. Thereafter, the first: formed body is formed undei* 
pressure and heat in an inert gas atmosphere to obtaiii a 
second formed body wherein diamond grains are biiried. The 
second formed body is sintered in an ixiert gas atmosphere to 
fabricate a first layer. Next, a second layer composed of 
diamond is vapor-phase synthesized on the second surface of 
the first layer. Then, specular finishing is performed on 
the first surface of the first layer. 
[0054] 

In the manufacturing method D, first, thermosetting 
resin powder mixed with diambnd grains and/or graphite grains 
is formed under pressure and heat to obtain a formed body. 
After sintering the formed body in an inert gas atmosphere, 
specular finishing is performed on both surfaces of the 
formed body to fabricate a first layer. Next, a heat 
treatment is performed for adhering a second layer composed 
of self -standing diamond to the second surface of the first 
layer. 
[0055] 

Although a high-heat-conductivity substrate 
according to the present invention can be manufactured as 
described above, after fabricating the first layer by the 
above- described manufacturing methods A to D, the second 
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layer can be formed as described below. Specifically, onto 
the second surface of the first layer whose first surface has 
been subject-fid to specular finishing, an organic solvent/ a 
low- viscosity resin, or a photosensitive resin in which 
diamond grains axe scattered is applied- Next, the second 
layer composed of diamond is vapor-phase synthesized using 
the diamond grains as nuclei. Then, specular finishing is 
again performed on the first surface of the first layer to 
manufacture the high-heat- conductivity substrate, 
[0056] 

In the case wherein the second layer is vapor -phage 
synthesized, it is preferable to dope with boron CB} before 
vapor -phase synthesis in order to reduce the def ebtive 
density of diamond crystals. 
[0057] 

Next, the temperature for heat treatment in the 
manufacturing method of the hicfh-heat-cortductivity substrate 
according to the present invention will be described. 
[0058] 

Temperatures in forming under pressure and heat^ sintering, 
and heat treatment; 600 to 15Q0 P C 

In the case wherein the high-heat- conductivity 
substrate according to the present invention is manufactured, 
various heat treatments are carried out. The examples of 
heat treatments include th^ forming under pressure and heat 
of thermosetting resin powder wherein diamond grains or the 
like are scattered, the sintering of the formed body obtained 
by the forming under pressure and heat, and the heat 
treatment for adhering a self -standing diamond film as the 
second layer to the first layer obtained by the sintering. 
[0059] 

Each of these heat treatments is preferably carried 
out at a temperature of 600 to 1500°C. This is because if 
the treatment temperature is lower than 600°C, little 
carbonizing takes place; and if the treatment temperature 
exceeds 1500°C, the carbonization of diamond rapidly 
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proceeds. The temperature is more preferably 800 to 1200*C. 
[0050] 

Since the diamond film is vapor-phase synthesized 
in a hydrogen atmosphere, there may be thei case wherein the 
removal of hydrogen absorbed in the carbon substrate by heat 
treatments or the like after vapor-phase synthesis, and in 
such a case, it is preferable to perform heat treatments at 
the treatment temperature also within the above -de scribed 
range . 
[0061] 

According to the above- described various 
manufacturing- methods, a high-heat -conductivity substrate 
having aia excellent heat conductivity, as well as? the surface 
thereof can be easily subjected to specular finishing/ and 
having favorable heat expansion characteristics can be 
obtained. 
[0062] 
[Examples] 

Hereafter, examples of the present invention will 
be specifically described. Before the description of the 
examples of the present invention, in order to compare the 
effect of the presence of a diamond film as the second layer, 
a substrate fabricated without depositing the diamond film on 
a carbon substrate as the first layer will be described. 
[0063] 

First Comparative Example 

First ly r in this comparative example, 65* by weight 
of phenol- formaldehyde resin powder and 25% by weight af 
graphite grains having an average particle diameter of 5 fxm 
were evenly mixed, the mixed powder was dispersed in water, 
and after adding a suitable quantity of a surfactant, 
granules having an average particle diameter of 30 fim were 
fabricated using a spray drier. 
[0064] 

Next, the granules were filled in a mold, and 
molded with a hot press at a temperature of 160 to 180°C and 
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under a pressure of 100 kgf/cm 2 to fabricate a formed body of 

100 mm square and. 2 mm thick. 

[0065] 

Then, the f ormed body was sandwiched by high-purity 
graphite plates, and sintered in a nitrogen flow at a 
temperature of 1150 Q C to manufacture a substrate. The 
sintering pattern at this time was maintained at a 
temperature of 200°C for S hours, elevating to 450°C in the 
rate of 5°C/hr, to 650°C in the rate of 10°C/hr Y and to 1150°C 
in the rate of 20 q C/hr, then finally was maintained at a 
temperature of H50 D C for 5 hours. 

Loos*] 

Thereaf t.er, the upper surface of the substrate was 
lapped with SiC abrasive grains of a grain diameter of #1000, 
and then, polished with alumina abrasive grains of a grain 
diameter of #8 0 00. The surface roughness after polishing was 
average roughness R a of 20 angstroms and maximum roughness 
Rmax of 150 angstroms . 
[0067] 

A carbon substrate was fabricated as described 
above, and the coefficient of thermal expansion and the heat 
conductivity of the carbon substrate were measured- The 
results were 3.2 x 10~ 6 /°C, and 20 w/mK, respectively . 
[0068] 

Second Comparative Example 

Firstly, in this comparative example, 55% by weight 
of phenol -formaldehyde resin powder, 25% by weight of 
graphite grains and 20* by weight of diamond grains each 
having an average particle diameter of 5 jum were evenly 
mixed, the mixed powder was dispersed in water, and a 
suitable quantity of a surfactant was added to the solution. 
Thereafter, granules having an average particle diameter of 
3 0 Jim were fabricated using a spray dryer. 
[0069] 

Thereafter, in the same manner as in the above- 
described first comparative example, a hard carbon substrate 
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was fabricated. The surface roughness after polishing at 
this time was average roughness of 10 angstroms and 
maximum roughness of 12 0 angstroms. 

[0070] 

The coefficient of thermal expansion and the heat 
conductivity of the carbon substrate according to the Second 
comparative example were 2.7 x 10" 6 /°C, and 42 w/mK # 
respectively, arid the heat conductivity was higher than the 
heat conductivity of the first comparative example because 
diamond was scattered. 
[0071] 

Next, the examples of high-heat- conductivity 
substrates according to the present invention wherein a 
diamond film is deposited on a carbon substrate composed 
mainly of hard carbon will be described. 
[0072] 

First Example 

Firstly, in this example, 75% by weight of phenol- 
formaldehyde resin powder arid 25% by weight of graphite 
grains having an average particle diameter of 5 urn were 
evenly mixed, the mixed powder was filled in a mold, and hot- 
molded at a temperature of 14 6*C under a pressure of 10 0 
kgf/cm 2 . Next, diamond grains were evenly scattered oil the 
inner surface of the mold, and on the diamond grains, the 
formed body obtained by the above -described hot molding was 
placed and hot -molded again at a temperature of 16 0 ft G under a 
pressure of 150 kgf/cm 2 . 
[0073] 

On the formed body obtained by the second hot 
molding, a diamond grain scattered layer having a thickness 
of about 0.5 mm was formed in the thickness direction of a 
surface thereof. As a result of the electron microscopic 
observation of the formed body, the area occupied by diamond 
on the surface of the formed body was about 65%. 
[0074] 

Then, the formed body was sandwiched by a high- 
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purity graphite plates, and sintered in nitrogen flow at 
1150 6 C. The sintering pattern at this time was same as in 
the above-described first comparative example - 
[0075] 

Neoct, the surface of the farmed body on which the 
diamond grains are fixed was puff polished to expose a clean 
diamond plane, and a diamond film was synthesized on this 
plane using a microwave CVD apparatus. As the material gas, 
methane diluted by hydrogen to have a content of l to 5% 

[total flow rate: 100 seem) was used/ and vapor-phase 
synthesis was performed for 20 hours maintaining the 
substrate temperature at 80 0 to 850 o C and tlie gas pressure in 
the reaction chamber of 30 to 60 Torr constantly. As a 
result, a diamond film having a thickness of 2 0 |itn was grown - 
Finally, the upper surface of the carbort substrate was 
subjected to specular finishing in the same manner as in the 
above-described first comparative example. 

[0076] 

The hi gh- heat - cohduc t i vi ty substrate fabricated as 
described above is shown in Figure 1, As shown in Figure 1, 
the high-heat -conductivity substrate 1 is composed mainly of 
hard carbon material 4, and a diamond film 3 is vapor -phase 
synthesized on the lower surface (second surface) of the 
carbon substrate 2 on which diamond grains 5 and graphite 
graiiis 6 are scattered. In particular, since the layer 
containing a large quantity of diamond grains was formed on 
the lower surface (second surface) of the carbon substrate 2, 
the diamond film 3 could be favorably deposited on the lower 
surface (second surface) of the carbon substrate 2. The 
upper surface (first surface) of the high- heat -conductivity 
substrate 1 was subjected to specular finishing, and the 
surface roughness after polishing at this time was average 
roughness R a of 10 angstroms and maximum roughness R^a* of 120 
angstroms . 
[0077] 

The high- heat -conductivity substrate 1 was 
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fabricated as described above, and the measured coefficient 
of thermal expansion and the heat conductivity of the 
substrate were 2.8 x io~ 6 /*C, and 48 w/mK, respect ively. 
[0078] 

In the above -described manufacturing conditions , 
the time or the like in vapor-phase synthesis was changed to 
fabricate various high -he at -conductivity substrates having 
different thicknesses of diamond films- The relationship 
between the thicknesses of diamond films and heat 
conductivities of the substrates is shown in the graph of 
Figure 4. All of the thicknesses of carbon films at this 
time were 1-5 mm, 
[0079] 

As shown in Figure 4, when the thickness of the 
diamond film is larger, the heat conductivity becomes higher, 
[ooso] 

Second Example 

In this example, a carbon substrate Composed of 
hard carbon was fabricated in the same manner as in the 
above-described first comparative example- A diamond film 
having a thickness of 3 0 jim was formed on the lower surface 
of the carbon substrate, and finally, the upper surface 
(first surface) of the carbon substrate was subjected to 
specular finishing to fabricate a high-heat-cohductivity 
substrate 
[0081] 

As a result of measuring the heat conductivity of 
the high-heat- conductivity substrate, substantially identical 
value as the above-described first example was obtained, 
[00S2] 

. As the surface treatment for forming the diamond 
film on the carbon substrate, (1) puff polishing using 
diamond paste; (2) ultrasonic scratching treatment using 
diamond grains, and (3) application of photosensitive resin 
in which diamond grains having a average particle diameter of 
2 Urn are scattered, were performed; however, no difference in 
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heat conductivities was found in any surface treatments. 
[0083] 

[Advantages of the Invention] 

As described above, according to the present 
invention, since a substrate is constituted by depositing a 
second layer composed of diamond on the second surface of a 
first layer composed of hard carbon having a inicrocrystal 
structure similar to an amorpnotis material, the heat 
conductivity can be markedly improved. Furthermore, since 
the first surface of the first layer can be easily subjected 
to specular finishing, an extremely excellent surface 
accuracy suitable for mounting electronic parts can b£ 
obtained- In addition, since the hard carbon material has a 
coefficient of thermal expansion substantially identical to 
the value of a silicon wafer, in the electronic parts mounted 
on the substrate, no line breaking occurs even if the both 
expand by heat, and an extremely fine circuit can be formed. 
[0084] 

Furthermore, by using a high-heat-cohductivity 
substrate according to the present invention, a package of 
miniaturized and highly integrated circuits that excels in 
heat dissipating characteristics can be manufactured at low 
costs- Moreover, since the specific gravity of the hard 
carbon material is as low as 1.5 to 1.8, the weight of the 
package can be reduced. 
[Brief Description of the Drawings] 
[Figure 1] 

Figure 1 is a schematic sectional view showing a 
high-heat -conductivity substrate according to the example of 
the present invention* 
[Figure 2] 

Figure 2 is a graph showing the relationship 
between the heat conductivities of a carbon substrate and the 
mixing ratios of diamond or graphite in a thermosetting 
resin, wherein the heat conductivities are plotted on the 
ordinate, and the mixing ratios of diamond or the like are 
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plotted on the abscissa. 
[Figure 3 J 

Figure 3 is a graph showing the relationship 
between the heat conductivities of a carbon substrate when 
the mixing ratio of diamond grains in the carbon substrate is 
3 0% by weight and the average particle diameter of the 
diamond grains, wherein the heat conduct ivities are plotted 
on the ordinate, and the average particle diameter of diamond 
grains are plotted on the abscissa, 
[Figure 4] 

Figure 4 is a graph showing the relationship 
between the heat conductivities of a high-heat -conduct ivity 
substrate when the thickness of the Carbon substrate is 1*5 
mm and the thickness of the diamond film, wherein the heat 
conductivities ^re plotted on the ordinate, and the thickness 
of diamond film are plotted oil the abscissa. 
[Description of Symbols] 
1; High- heat- conductivity substrate 
2; Carbon substrate 
2 j Diamond film 
4; Hard carbon material 
5; Diamond grains 
6; Graphite grains 
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